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INTRODUCTION 

Beryllium and beryllium oxide due to their good mode- 
rating properties and additional neutron multiplication 
through the reaction Be^(n, 2n) can be used widely in 
reactor technology. Various tJ+Be, U+BeO systems have been 
studied in the USSR at the Kurchatov Atomic Energy Institute 
and at the Institute of Physics and Power. 

In the paper basic results are given of works perfor- 
med during last years • 

I. STUDY OP + Be INTERMEDIATE-NEUTRON SYSTEMS 

A systematic study of critical parameters and physical 
characteristics of intermediate uranium— beryllinin systems 
with reflect <»r was performed in the stand 11$ -4 [ 1 ] . The 
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critical assenblies were cbarecterlse4 by the equal thlcknea- 
Boa of the reflectors of the same cok^ ^sition (a two-layer 
reflector with the inner beryllium layer} sec^ Table 1), by 
the same porosity (an air volume fraction) of 11.5% and the 
alu mtni x im core-volxun* fraction poor vsiriation. 

The critical assemblies forms were hexahedral prisms 
assembled from fuel packets filled with a fissionable mate- 
® moderator. As rule^ the realized critical para- 
meters were not mi nimu m for each of the assemblies due to 
their non-uniformities wdjich are control rod channels , 
safety system rod channels, a core form deviation from re- 
gular, etc. To account for these non-uniformities the measu- 
rements of the separate core parts and reflector reactivity 
coefficients were aade. 

In Table 1 the data on the composition auid dimensions 
of the core and reflectors are given as are critical para- 
meters of some uranium-beryllium inteimediate systems studied 
in the stauid 0^^* 

^ Pig.1 the uraDliim -23 5 ciitical mass is presented as 
a fxmction of the v^olume with account taken for the experi- 
mental corrections for the non-uniformities. The errors of 
the critical mass amd volume deteraination with all the 
corrections were no more than 1.G%. 

Particular eiQ>lia8ls have been placed upon the uranium 
elements self— shielding effect auid its influence on critical 
parameters and neutron spectrum. In the critical assembly 
n®-4-10 ~ the fission density distri- 

bution over a uraniua-235 plate thickness have been measu- 
red. The results of tho measurements presented in Fig.2. in- 
dicate that the selfabielding factor given by the relation 
& 

^ -S f ( ) d 5* / f ( ^ ) is equal to 0.8t. Here 

^ ) is the fission density distribution over the plate 
tbiclmess, ^^o is the urBnluB-235 plate thickness. 

Kan^rtheless tba critical masses of the assemblies 

-A— 10, 09 -4— and D#-*— 15 » mhieh are with a dif- 
ferent degx^ of thalr haterogenalty, were the same 
witoin the experlman'tal arrora. The results of these e^> 9 — 
riments supporc the coocliisions of reference fij eblch 
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experimentally shows (for an essentially nore haxxl system 
with^ge / = 31 ) that in intermediate reactors , 
in spite of considerable self-shielding of fissions in 
thick uranium layers, the effect of 1 g of uraniuin -235 on 
reactivity is practically the same for all uranium layer 
thicknesses in samples (from 2.3 ’10”^ s/cm^ to 32 g/cm^). 
Prom these data it can be concluded that the intermediate he- 
terogeneous reactor critical parameters do not differ practi- 
cally from the critical parameters of a proper physically 
homogeneous reactor. However, in the transition from a homo- 
geneous to heterogeneous reactor neutron spectrum, naturally, 
becomes considerably softened. In Pig.3 the cadmium ratio 
for uranium-235 fissions number is given as a function of 
the thickness of uranium elements in the core cells of the 
assemblies 114-4-10, 04 -4-14 and 04-4—15. 

At the stand 04—4 the neutron spectra were measured 
in the energy range from 0.1 eV to ^^50 67 with a mechanical 
neutron selector (2j with the variable rotor speed. The 
selector rotor with a 240 mm diameter was fabricated of geti- 
nux and furnished with a system of cruciforaily located slits 
of a barrel-wise form. A spherical ion chamber with He^ at 
pressure of 18 atm ues used as a neutron detector. The becua 
s h i n i ng surface was a sg^uare 5 5 As an example in 

Fig.4 there are presented results of the measurements of 
neutron spectrum in the eneirgy rauuge from 0.1 to 50 eV 
performed in the critical assembly II4 -4-12 4/?/^ =209). 

The measurements were made with the neutron impulse width of 
a^ 40 microseconds and with the flight length of 6 meters. 
The beam shining surface was relatively at distances 
cm and ''■'22 cm from the reactor axis in the measure- 
ments of the spectrum in the centxel core region and in the 
peripheral core region (hexahedral core comer packet). 

In processing of the e3g>erimental results corrections 
for detertor effectiveness, for transmission function, for 
resolution and neutron flux gradient were introduced. 

ir, HEOTRCB HUSICAL CHAHACTBRISTICS OP 0+Be, U+BeO 
THESMAL BBOTRGB SX5TEUS 

An a]g>eri<Bental study of enriched uranium systems was 

performed in critical assemblies adilch were parallelepipeds 
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from moderaOox' blocks and flat fuel elements, which were 
arranged in horizontal jJ)lanes between the moderator blocks. 

Caked beryllium oxide blocks and plates with size 
100x100x50 mm, 50x50x50 mm, 100x50x15 mm and metallic beryl- 
lium plates with size 100x50x10 mm were ured as moderators. The 
beiyllium oxide density in these blocks was 2.8 g/cm^, the 
beryllium plates density was 1.8 g/cm^. 

Fuel elements, which were made on base of teflon-4 
with 90% enriched uranous-uranic oxide [ 3 ] , contained an 
average of 1.775 g of uranous-uranic oxide and were with 
a square 100x100 mm and a thickness of 0.5 mm. 

The effect of neutrons reflected from the walls and 
stand constructions was determined experimentally . 

All the beryllium oxide moderated assemblies with a 
cell pitch of 5 cm had upper and bottom reflectors with a 
thickness of 2.5 cm. The beryllium moderated assemblies 
with a cell pitch of 0.5 cm had upper and bottom reflectors 
with a thickness of 0.5 cm. In the experiments the efficien- 
cy of the reflectors was found to be equal to their geomet- 
rical thickness with such reflector sizes. 

The experimental data obtained on critical assemblies 
were used in calculations performed numerically by the mul- 
tigroup method f 4 j on a digital computer and using the 
relation 

Ko<= e 

K - 2 5 ( 1 ) 

1 + L‘^ 

The critical assembly parameters and calculational 
results are presented in Table II. 

Due to absorption in the reaction Be^ ^ ) of 

-rays from long-life fission products phot-^neutrons , 
which should be taken into account in the transient proces- 
ses analysis, are producted apart from the delayed neutrons 
in systems containing beryllium. 

Using the data on the delayed neutron and photoneutron 
yields reported in reference f 5 j , the experiments consi- 
sted of measurements of reactivity, delayed neutron and 
photoneutron efficiencies were processed, calculations of 
the errors due to the asymptotic period measurements were 
performed. 
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The deviauion of the measured positive period from 
asymptotic O was determined for different times of 
reactor operation at constant power level. Calcula (; ional re- 
sults are presented in fig. 5 . For the beryllium oxide mo- 
derated assembly the deviation of the measured period from 
asymptotic was also determined exjverimentaliy (see, Fig. 6 ). 

For the beryllium oxide moderated assembly the quantity 
^ , which was assumed the same for all the groups of the 
delayed neutrons and photoneutrons , was determined by the 
method of replacement of fuel by an absorber. 

In these e^qjeriments plates especially fabricated from 
teflon'^ with boron filling were used as absorbinp- piemen 

Of fuel elements by absorbing elements and In the reactivity 
measurecient; in mm of the control rod length. 

,It proved to be equal to I.I 5 for the beryllium 

oxide moderated assembly studied; the experimental error 
was 4%. 

The calculational ^ value proved to be equal to 

1.14. 

In assemblies experiments were performed in which the 
critical assembly reactivity variation with a small change 
in the assembly dimensions was determined .ii'xperiinental 
data processing was conducted using the relation. 

H ( r + + bV) ] 

P p ^2) 

where H - h + d , h is the core size, 6 is the extrapola- 
ted addition or the effective thickness of a reflector in 
case of an assembly with a reflector. 

Usino the beryllium oxide aiid beryllium diffusion para- 
meters reported in this paper the T values weue deter- 
mined from these experiments and from the critical condition 
Koo was determined. 

The data obtained are presented in Table III. 

The neutron spatial distribution measurement; was used 
to determine the neutron physical parameters and subcritica- 
lity degree of the systems studied. 

In the case of a system, form of which is a rectangular 
parallelepiped, the ratio of the neutron flux in an assembly 
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with no uranium to the neutron Ilux in a subcritical assemb- 


ly with upanium can be written as 

Z rs e' 

^ _ UVW L •JV'W 

2, CUB*-. ,L^)0-k a 


[s p /i . UTTx p 

/» — TCtf“ — • — 


WJTJi 


uvw 


JL J__ (3) 

ujTx v:jrb wjr^ 

Co5 ~ 

3 bj Cj 


c ' ' Uvw '■ ^UVW e j;f 
This relation, which can be considerably simplified if 
to neglect by the harmonics of order higher than third and 
to check such an experimental geometry that the third harmo- 
nic becomes zero, was used to determine the beryllium oxide 
moderated critical assembly subcriticality degree. 

The neutron distribution was measured in experiments 
with indium foils. 


The measured thermal neutron distribution in assemblies 
with no fissionable material and with a neutron source in 
the centre was used to determine the age value ‘ZT . For be- 
ryllium oxide ^ of the Po + Be source neutrons proved 
to be equal to 128 i I3 cm^. 

To study the neutron physical characteristics of a beryl- 
lium moderated assembly with two fuel elements in a layer 
the pulse-source method was also used. In the experiments 
a neutron generator of neutrons with energy of 14 iWeV was 
applied. The damping constrnt dependence on the geometrical 
parameter was established from the experiment. The treatment 
of the dependence was performed by the least square method. 

The following parameters were obtained: 


*^00 ~ ~ = 20.7 - 1.5 cm^; 

ioo = (I.74 i 0 . 18 ) . 10 "^ cek~^ ; 

Kgg = 1.12 t 0.05; 

J5 = (6.68 i 1.08). 10“^. 


III. STUDY OF U-Be LATTICES WITH NATURAL 
AND LOW ENRICHED URANIUM 

The experiments were J)erformed in a critical assembly 
wiiich 'sas a cyl^der of metallic beryllium (mean density 

'1.75 g/cm-^) with a diameter of 116 cm and a height of 
TOO cm, surrounded with an all-sided graphite reflector of 
60 cm thickness. In the critical assembly core there were 
362 
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89 vertical holes of 45 mm diameter located in chess-board 
order, which permitted to form lattices with pitches of 
11.3 cm or 16.0cm. Prom the core centre a horizontal hole 
was extracted of 40 mm diameter for the measurement of 
the neutron spectrum over the cell. 

As fuel natural and 2% enriched uranium blocks assemb- 
led in worker channels were used- The blocks were uniform in 

their dimensions and configuration and differed only in enrich 
236 

ment and U content per block unit length. 

The core dimensions permitted criticality to be achieved 
with 2% enriched fuel for both indicated pitches. To study 
the multiplication factors of natural uranium lattices 
two-region systems with the natural uranium central region 
were assembled . Criticality was achieved with the external 
region, which was assembled from 2% enriched channels. In 
Table IV the critical dimensions are given for 2% enriched 
fuel. 

For four lattices tnere were measured the infinite neut- 
ron multiplication factors koa and the thermal neutron 
spectra over the cell. 

The experimental measurement of kw and its cofactors 
was based on a method reported in reference [gJ with 
rather modified measurement technique and results processing 
procedure. 

Accordingly to [gJ 


+ n5/ny+ 

, (i^5-i)n//n/ 


= 1 + - 


1 „ (."iVal) 

' n, +n3Als'^ +ny/ns’^ 

^ ft Hr /n./ 

" n Jnr+ Tn‘7v nT- 


where ; 


is/n/ + 

W'^WnT' 


I p 
nsandns 


- number of fidsion neutron absorptions 
in uranium— 235 uranium-238 

relatively; 
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total number of neutron absorptions in 
uranium-235; 

/7/'t - relatively total number of neutron radia- 

tive absorptions, number of radiative 
absorptions in the resonance re(^ion and 

number of radiative absorptions due to 
1 

--- cross-section in uranium-238 

(n/=n; 

t 

- number of neutron absorptions in moderator 
and structural materials. 

The number of neutron absorptions in lattice components 
was determined from measurement of relavitve activities of 
detectors, which were e:xposed in the central cell of stu- 
died lattices. The detectors were 35 mm - diameter foils 
of uraniuin-235 (9^^ enriched), depleted uranium (3*10^% 
of uranium-235) > natural uranium, thorium, vanadium and 
copper. 

A packet of several detectors , ttiin ( I .5 mm) uranium 

washers of a lattice studied and protective aluminium foiis 
was assembled in a special experimental channel (Fig. 7) 
and was placed in the central cell for exposure. 

The absorptions number in beryllium ( f/j ) was deter- 
mined from the measurements of the neutron density distri- 
bution over the ceil (Fig. 8) with copper and vanadium detec- 
tors. Exposure of all the detectors was performed both with 
no cadmium and with cadmium jackets. The correction for 
’’eating away’* of the resonance and fast neutron flux due 
to cadmium was determined experimentally. 

The detectors activity measurement was performed with 
a scintillation counter and a 128-channel amplitude ana- 
lyzer. Ali the measixrements of the absorptions in lattice 
components were made relatively to the, number of fission 
neutron absorptions in uranium-235 ( flf )♦ 

Using the experimental data and formulae (4•^8) Koo , 
y » 6^ » 'J eff ^ (breading coefficient) were calcu- 
lated of the lattices studied. The calculational results 
are given in Table V, 

362 
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In the multiplication parameters calculations the fol- 
lowing constants values were assumed 

V/ = 2.43 io.02 

0 / = 2.9 i 0.1 

65 - (582 t 4). 10“^^ cm^ 

(^1 = (2.75±0.04).10^ cm^ 

By Urtseva V.I, the parameters experimentally determi- 
ned as functions of a lattice pitch have teen calculated in 
the two-group diffusion approximation. For comparison the 
calculational and experimental K oo values are presented 
in Fig.9* 

In the uranium-heryllium systems study the thermal 
neutron spectra were also measured in several 2% enriched 
and natural uranium lattices with a mechanical monochroma- 
tor C 9 J • 

The thermal neturon spectra obtained on a cell botihdary 
for two lattices are given in Fig. 10 . The experimental 
points were processed by the method of least squares with 
a tfrude description of the spectrum near its maximum as 
the maxwellian distribution. It is appeared that only the 
spectrum over the maximum can be fitted to the maxwellian 
distribution that conforms to the calculations by helkin and 
Cohen [ 10 J 

To compare the experimental data with the theoretical 
results by Smelov V.V. r^nd Ilyasova G.A. the 15-group cal- 
culation have been made of the thermal neutron space-energy 
distribution over the cells studied in a - approximation 
using a model to account for the crystal bindings in the 
thermalization region. 

IV. STUDY OF BERYLLUM REFLECTOR EFFECT IN FAST 
NEUTRON REACTOR 

A decreasing of beryllium fraction and an increasing 
of fuel enrichment in the reactor core leads to the 
neutron spectrum hardening. 

As a limiting case, in this sense, a reactor can be 
considered in which the core contains only fuel of niaximum 
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enrichment, and moderator (beryllium) is present only in a 
reflector. 

Such a system can be identified as a ’’fast reactor with 
a moderating reflector” 

In W95Q-1961 two physical beryllium reflected fast 
reactors, BP-4 and EP-^ i were studied. The reactor shapes 
were right hexagonal prisms. The cores were assembled from 
almost-close-packed rod-type fuel elements (plutonium ele- 
ments in EP-4 and 90% enriched uranium elements in BP-6). 

The beryllium reflectors can be replaced, in the thick-r 
ness range from 4 cm to 15 cm. 

For beryllium reflector thickness more than 5-6 cm 
the spatial distributions of the main reaction 
in BP-6 and in BP-4) density d±ffer essential- 

ly from the distributions in common fast reactors with non- 
moderating reflectors. 

For this fission density flattening occllts over the core 
radius due to intermediate energy neutrons penetrating out 
of a reflector. 

Near the core boundary a sharp fission density jump 
forms, for the most part, due to subcadmium energy neutrons. 
Whereas the u238 

fission density behaviour is practically 
independent upon the reflector thickness with, asymptotic 
chaj?acter held (see, Fig.11). 

The main isorj?ope fission density jump on the core boun- 
dary (a difference between the true and asymptotic fission 
densities) increases with the increased reflector thickness. 

With the reflector thickness iO = 546 cm the jump disap- 
pears, i.e., a more thin beryllium reflector does not already 
maike cardinal changes in the fission density distribution. 

The central core* part for all the BP-4 and BP-6 va- 
riants maintained a hard neutron spectrum. The typical 
(U^^5)/<^(U^^®) value was ^*7 fiuid -^9 in the Bp-4 
centre and in the BP*^ centre respectively. 

x) Similar fast-thermal systems have been studied ^ontil 
recently by a number of authors {11 , 12 ^ I3J - 
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Intergrat:ing of the fission density over the core indi- 
cated that the fission fraction due to neutrons with energies 
® was 20—30% (with the reflector thickness of* 

The thermal-neutron fission fraction was estimated 
from change of ^eff ^ cadmium shield inserted bet- 

ween the core and the reflector. It equals 1 -i. 2% with the 
reflector thickness of 8-10 cm and 4+ 5 % with the thickness 
of 12-15 cm. 

The thickness of the reflector varying, its albedo and 
spectrum of neutrons returned by it change. 

The slowxng-down neutrons spectra in thin reflectors 
can not be considered as the pure Fermi spectrum, because 
there is a lange neutron leakage in slowing— down. The si owing- 
down neutrons spectrum form can be obtained similar to the 
slowing-down spectrum in an infinite medium with the energy- 
independent cross-section I. a , i.e. , of the 1 /E m 
form (see,[l 5 _/ )• 

The y_a- role in this case is played by 
where B is tJhe geometrical parameter of a reflector with 
the thickness d 

In the age model m = 1 B ^/3 | = f (a ) 

■hen the reflector thickness decreases from I 5 cm to 
8 cm, the value of m decreases from O .9 to 0.7 . With the 
reflector thickness4-^ 4 cm value of m ^ 0 , i.e. the 

flux spectrum does not increase with decreasing of energy , 
but decreases that is typical for fast reactors. Inter- 
pretation carried out shows that a limit thickness A '^4 cm 
(m = 0) exists which as if separates the common fast reactors 
from the class of the "fast reactors with a moderating ref- 
lector". The 'l/jjin spectrum form was confirmed by S.A.Kati— 
shev’s measurements of the resonance detectors activation 
in reflectors. 

In Fig. 12 the results of the measurements, the straight 
line which corresponds to 1/E^ , and also the spectrum hys— 
■fcogram obtained from the multigroup calculation^^ are shown. 

The si m u l ation of the spectrum in a moderating reflector 
with account taJken for a possible distinction from the Fermi 

x) The calculations were performed by E.I.lyashenko under 

the guidance of G.I. Marchuk. 

U2 


- 11 - 



Approved For Release 2009/08/26 : CIA-RDP88-00904R0001 0011 001 0-8 


BpecfcDMan permits, for example, to eliminate the discrepancy of the 
experimental and calculational values reported, in reference dllj , 

In the thin reflectors considered the incomplete neutron therma- 
lization effect becomes also apparent which results in the anomalously 
Mgh ratio of the subcadmium (Pu^^^)/ 

The prompt neutron mean life time "1” in the systems considered is 
essantially less than in thermal reactors, but more than in fast reactors 
The measurements made by the Rossi- <£?(. and boron poisoning 
methods^^ (with J3 = 0.007) gave for the reactor 6^P-6 the values 
which increase with the increased reflector thickness; with d = 8 cm * 

1 = 10 ^ sec; with =12 1 = 5 sec. 

The performed measurements of disturbances allowed to verify an 
applicability to moderating reflectored fast reactors of the "degree 
law" which characterizes through the exponent n(x) the effect of the 
each diluent "x" on critical mass (see, )• The measurements shows 

that the values n(x) decrease with the increased reflector thickness and 
can oven be negative. 

In SP-6 with A = 10 cms n(void) = I,A4 ; n = 0.95; 

n(Be} = 0.8^ and nCHgO) = 0.30. And with ^ = 14 cm; n(void) =0,83; 
n(U^^®) = 0.44; n(Be) = 0.29; n(H20) = -0.20 
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Critical Parameters of the nO -4 Assemblies 


Table I 
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1.76 

'IS . 8 


53.6 

106 

157.9 

209 

106 

106 


0 

0.5 

0.5 

64% 

2.0 

(36%) 

0.5 

1.0 

'1.5 

2.0 

2.0 

3.0 


0 

0.5 

0.12 


13.9 9.2 

13.9 13.9 

13.9 9.2 


20.81 

25.22 

25.29 


0 64.4 
27 42.7 
59.2 13.5 


24.0 

19.7 

14.7 


12.7 

23.2 

26.4 


13.9 1.93 

13.9 3.53 

23.3 11.22 


1.0 


0.03 

13.9 

13.9 

18. 15 

70.2 

4.0 

13.9 

28.9 

31.3 28.34 

0.4 

0.03 

13.9 

9.2 

14.26 

72.4 

2.0 

13.9 

31.2 

41.8 42.76 

0.2 

0.03 

13.9 

9.2 

11.84 

73.1 

1.3 

13.9 

39.2 

41.8 53.69 

0.15 

0,03 

13.9 

9.2 

10.14 

73.5 

0.9 

13.9 

43.0 

41.8 58.89 

0.10 

0 . 06 

13.9 

9.2 

14.15 

72.4 

2.0 

'13.9 

30.9 

41 . 80 42.41 

0.2 

0.09 

13.9 

9.2 

14.62 

72.4 

2.0 

- 13.9 

32.0 

41 .8 43 . 83 

0.2 
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Volume nickel content 
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Beryllimn oxide and beryllium moderated critical assemblies 


Moderator 

Number of 

fuel ele- 
ments in 
a layer 

U-235 

mass 

Cell pitch Atomic 

fcmj ratio 

BeO/U-235 

^eff cal- 
culation 
using 
experi- 
mental 
parameters 

^eff 

group 

calculations 

Beryllium 

1 

2303 

5 

8699 

0 . 274 ^ 0.005 

1 .04041^^ 

1.01623 


2 

3060 

5 

4904 

0^376^0.005 

1.01423 

0.99028 


3 

3409 

5 

3272 

0.438i0.005 

0.99872 

0.96684 


4 

4225 

5 

2464 

0.478^0.005 

0.99178 

0.96739 


5 

4828 

5 

1974 

0.488^0.005 

0.98878 

0.97191 


4 

3528 

'lO 

4907 

0.357^0.005 

1.00642 

0.98028 


6 

4232 

10 

3262 

0.414-0.005 

0.98474 

0.97070 


8 

5146 

10 

2464 

0.455^0.005 

0.96606 

0.96468 


1{J 

5/45 

10 

1963 

0.463^0.005 

0.96977 

0.97808 

Beryllium 

1 

3292 

1 

3481 

0.b54t(j.U08 

0.990U2 

0.98206 


2 

5790 

1 

1745 

0.677-0.008 

0.99785 

0.98537 

— ^ 

3 

8344 

1 

1165 

0.666^0.008 

0.99574 

0.98578 


X) An assembly with non-uniform fuel distribution which was not taken into account 
in the calculations* 
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Table III 

Experimental data foi* assemblies from 
beryllium oxide and beryllium 


Moderator 


Number of fuel 
elements in a 
layer 




Beryllium 

Beryllium 

Beryllium 

oxide 


Lattice 

pitch 

[cm] 


16.0 

11.3 


2.2410.06 
2.28±0.06 

2.0710.06 


97.1 
104.6 

1l2.0t2.5 


Table IV 

Critical charges and critical sizes for 
2% enricned fuel 


Core height 
[cmj 


Core radius 
[cmJ 


U-235 

charge 

[kg] 


4.50 

3.40 


- 16 - 
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Table V 

Mulbiplica-tion parameters in uranium— beryllium systems 


Parameter 


1—1 

*<3 

I 


JiL 

Oe// 

r 

6 ? 

P 

f<Oo 


Koo K 


Be 


Natural uranium 2 % enriched uranium 


a pitch of 11,3 cm a pitch of 16-0 cm a pitch of 11-3 cm a pitch of 16-0 cm 


1.06 


0.01 

1.06 - 

0.01 

1.020 i 0.003 

1.017^0.003 

1.31 


0.06 

1.31 - 

0.05 

1 .69 

io .05 

1.71 

io.05 

0.76 

+ 

0.03 

0.86 i 

0.03 

0.89 

i 0.01 

0.93 

±0.01 

0.92 

+ 

0.01 

0.86 - 

0.01 

0.89 

i 0.01 

0.81 

±0.01 

1.05 

+ 

0.03 

0.85 i 

0.02 

0.36 

i 0.01 

0.30 

±0.01 

C.98 

+ 

0.03 

1.02 - 

0.3 

1.36 

1+ 

o 

1 .31 

± 0.04 

0.97 



1.015 


1.36 


1.32 


1.08 



1.12 


1.50 


1.44 
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Z. oeiaV Ax^'io®/ 


^ ^ U 

0 0,1 0,2 0,3 W 

2. PACCTOrtHHK or OOKJll IB 
nOGEPXHOCT^ (UEOPA 
Pig. 2 


1 Pig. 2 

Plg.1. The U-235 critical mass as a function of the critical 
volume. 

'1 - critAg/. 2 - volume V (cm^.10^). 

Fig, 2. The fission density distribution over the thickness 
of a 0.33 nun U— 235 layer. 

1 - density fission (relative un.); 2 - distance from 
the surface of set. 



Pig. 3 


l«aao ypAii}9ff amsnoe b fmm 
AKnoR aoH. 


Pig. 3. The cadmitun ratio as a function of the number of ura- 
nium elements in core cells with the homogenized 
ratio J^Be. / J^uf = 106. 

1 - number of uranium elements in the core. 
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to: 




Pig. 4 


2,^ B, s& 


Pig. 4. The neutron flux energy distribution in the 11$ — 4 
assembly measured in the central and peripheral 
regions. The curves are normalized to power. 

0- measurements in the central region measurements 
A - measurements on the beryllium reflector boundaryr 
1 - flow $ (E) , relative \inity;2 - energy E, eV. 


t 



Pig. 5. The wait time before the period measurement follo- 
wing the reactivity jump as function of the reacti- 
vity value for various S . 

A/k) beryllium moderated critical assembly, 

T = 1000 sec. 

J> = 0.1.10"^, 1 = 10“^ sec. 
t - time following the reactivity jump, sec. 

- reactivity in per cents. 

- 19 - 


I 


U2 
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Fig.6, The deviation of the measured period from the asympto- 
tic period as a function of time following the reacti- 
vity jump» 

A (A) beryllium oxide moderated critical assembly 
T = 1000 sec, J> = 0.1*10“^, 1 = aec. 

1 - calculation with no account for photoneutrons ; 

^ 2 - calculation with photoneutrons taken into account. 





Fig.7. 

Design oi a work fuel element (a) and an experimental 
block Cb). 

1 - uranium blocks; 2 - A1 block can; 3 - aluminium 
work channel tube; t-v - upper and lower parts of an 
experimental uranium block; 5 - uranium washer of a 
1.5 mm thickness; 6 - protective foil of a 0.03 mm 
thickness; 7 - A1 container; 8 - A1 plug of the 
experimental channel upper half; g,,- fastener to at- 
tach the experimental block upper part to the experi- 
mental channel upper part; 10 - detector to be expo- 
sed; 11 - cadmium sneath; 12 - aluminium ring 


i 


362 


- 20 - 
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The thermal neutron density distribution over a cell 
a and b - 2% enriched uranium lattices with a pitch 
of 11.3 cm and 16^0 cm relatively; 
c and d - natural uranium lattices with a pitch of 
11.3 on and 16.0 cm relatively; 

1 - uranium boundary; 2 — Be moderator boundary; 

3 - A1 block can boundary; 4 - equivalent cell 
boundary (1 - cm). 



! A-tXU 


Fig. 9. The uranium-beryllium lattice multiplication coefficient 
as a function ol the lattice pitch: 

1 - calculational curve for natural uranium; 

2 - calculational curve for 2% enriched uranium • 

(1 - nabural U) 
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STUDT OP BKHTLLIUM AND BKUTl.hlA AIJ NEUTROW M0DEHA'lH)nS 

l.P.Zliey.herun, A.K.Kraalja, 0.1,I»llndov, I.P.Sadlkoy, V.A.TBrabanko, 
A* A.UhomynhflJv 

Introduction 


Borylllun and boryilla aro of Int^t'enl In the nucloar en^Lneorljig as conotructlon wate- 
riala oC roactoro of vorlouo typeo duo to thei.r p.ood modoratlye prop(*rtloa, weak thermal M*yat- 

tJ 

ron abaorptlcin and foot noutron loultl plication In tho reaction Bo (’n,^’n), ITiyafcal proport lea 
of beryllium and beryllia detennj.nlnp: fllffuGloTiy moderation, Bcattf’rlng and multiplication of 
noutrona have boon otudiod for a fow yooro In the Kurclmtov Inntltute of Atomic Euervj (lAK)* 
Tho main rooulto are briefly prooonted lii the report# 

In nd.lltion, the fast neutron multlpl Icat Ion data obtained from tho anoljola of tho criti- 
cal aBBoinbllen In tho Tuotltwte of Knorpotlcn of Academy of Sclonca DS.'IH aro presented. 


A. ST’JDY OF BERYLLIUM AND BKJimilA AU WBUTnOH MODKRATOIIB (1) 

I,P. Zhozhorun, I.P.Oadlkov, V* A.Tarabanko, A.A.Chemynhev 
(The Kurchatov Institute of Atoralo Energy) 


1# Effect of berylllu mlcroatiructuro ond temperature on thornal neutron 
octtttorlnR oronH-oectlon 

The mlcrocryBballyn# structure can eooontially Influonco on tho oodorativo and ocott* r ln>', 
properties of boryilla duo to tho effect oC size and orientation of crystal gralne on the 
scattering cross-oectlon • It Is known that with the Increaoln^ of tho ^uln 

decroasco due to the extinction effect | tholr advantageous orientation (texture) which oan pp- 
poar in proooing or pressing out of BoO articlofl con cause the anisotropy of * 7o make cle- 

ax bow much thoso effects are to be taken into account wbon calc^ntlng tho roDCtora of P'*0 
moderator, tho total cross-section S ^ ^ BeO) was measured with the chopper for 

four somplGD with various grain size (see Flg.I). Uf-jjple I consisted of tho plates I,2x7Xf?l n:i 
produced by preanlng out, sample 2-of tho rods 3x4x23 mm produced by pressing, sample 5 nv-nic 

of the ‘dlooo 30 mm in diameter, 3 nun thick produced by pressing out and sample 4- of the dlnca 

38 mm in diameter, 3 mm thick produced by cold proaoing. The micro a true lure analysis of the sa- 
mples, carried out by Yu.G.Digoltsov and V.I.Kushakov, showed the all ecunplee are closed packed 
crystallite of irregular polyl^odron form, Tho grain sizes are shown in Fig.l, the moan alze wna 
determined as a square root of an average area of a grain In a mlcrofleotlon photo^mph. In 
different measurements tho sample thickness varied between 3«2 g/ca and 5.6 g/on . 

Under given experimontal conditions the energy rooolutlon me between A- and In the 
range 0.03-0.1 ev. To observe the anosotropy of two series of measurements have been dona 

with oamplQS I and 2, the neutron beam being fallen both In parallel and normally to tho di- 

rections of pressing or presBlng out (Fig. 2), 

It is seen from these ngv^ree that* at small energy (0.005-^.2 er) tho difference In 
is 40% for the samples with the grain sizes Bp. end 2^JL l It may cause 10 ?t-ch^-^c o the 
rage spectrum scattering length X^or tho square diffusion length L (see Tob e ). 
tinction effeot does not practically Influence on if the grain sIb® ^ 

The proae«e. of texture 1. the texogoneX BaO lattice eee«, o he » Borved lu 
from neutron «»v# reflection on the plaiiee being normal or parallel to tho 
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no such agreement, 

Tho study of th« oaueo of tho orperlmiintol data diop.roloa for D and 0 ahoaad that It wiy 
ba oBBoatlnlly oonneoted alth feha poDslbl. dlfforonoo of tha oryotal atruotura of tho aatorl- 
als under InveBtlgation. Thus the oBtlmatod oaloulatlono of D and 0 for BoO uolng tho nboTo iA, 
for the eamplee alth the grain al.oo &JL and 29 J,-. give the value, of D aithln 10* and th. va- 
lues of 0 wltldn 60!*. The offoot of the torn with u“ la K(j. I la negligible aa It Is soon froa 
tho additional analyala of oeasuremonta by n«auo of the oomputer. 

Ih [ 9] for the explanation of the dloperalon of 0 It was Indicated on the neutron trap 
effect which muot reeult in dependence of oC upon the menouroment conditione for email blooke 
(the neutron oource power, the buokKround level etc.). Our attempte to deteot thie dependence 

for tho Bo block of 20 cm when tho ouurce power chon^eo 10 tlneo and tho background level doea 
^ times failed (Fig. 6)* 

Tho value of C mt'txourod give ooma Information on tho noubron 8lowlng-<Jown nour the fchor- 
raal equilibrium indicating bhe decrooee of tho mean iogorlthmlc enoriar loea^lh Be and BeO 
approximately 4-5 tlmoa, * 

5. MoaouremoDb of moderation length In Bo up to 1,46 ev 
and 0,5 


The slowlng-down donaUy q(r,R^) was moasurod in tho rectangular prlam 60x90x145 on. The 
0 converter, irradia.tod by the neutron beam of the reactor thermal column, served ao a neut- 
ron aourcej tho indium folia In cotlmium filtern were ueed as the noutron datoctore at 1,46 ovi 
the onjQll plutonium chamber In the filter with mixture of aamurlum and gadolinium oxldoo [loj 
was the detector at enorgy 0,5 ©v. The meaeiiroment roeulto ore presented in Fig. 7 (for In) and 
In Fig, 8 (for Pu chamber) . 

The meaouremonta by meonB of bhe Pu chamber were carried out in each point undor tho I al- 
lowing condltlonoi 

1) tho chamber was 3urr*oundRd by tho filter of 0.125 g/cn^ Sm and 0.04 g/cm^Gd I 

2) tho chamber woo 8uri:x)undod by tho filter of 0,125 g/om^ Sra, O.CM^ g/om^ Gd and 0.55g/ciJj^ Cd 
^^SnfidCd^* 

5) the chamber without filters (N), 

The neutron flux of 0*3 ev wao obtained no the dlfferenco of tho first two meaGui’omon»;n 
'*0.3 = "smGd ■ ''soGdCd* th^rae.\ noutron flux N - "here T la tbo 

transmission of the re3onanco neutrons by the filter Sm+Od, Tho inaccuracy of the value T, de- 
torainod from tho calculation, effects slightly on , since n. 

The curves Tor and (p^ (Flg.ir) at dlstoncoa 'L^60 cm from the souroe are p/irallel. 

It implleB thf^. nb such dlninncoa tho denoity of the alowlng-down neutrons of 0,5 «v Is negli- 
gibly small in coraparlsou with tho density of neutrons of the same energy In the eotabllohed 
Maxwellian spoctrum. Using bhe ratio = (6.50^0,1 )«10“^ at dlstanoes 60 cm one can 

obtain the slowlng-lown density ^ from tho total flux 

From Figs, 7, Bit is soon that nt dlatanceo ^0 ca from the source the alowlng-down 

density is approximatocl by th»j cxprosulon g ^ -f)0-2 cm*' at '5,^ ^1.46 ev 

and with =9U5 - 2,5 cra^ at r O.? ov. At 50 cm tho orpreouion 

valid with X ~ 7. 27^') • 10 cm at - 1.4b ov and 0.3 ov| this expres 0 loa presents evident- 

ly tlie density of the rirflt collisions. Over the whole region of meao^irements ('L^90 cm) tho 
kernel of modorntion is well approxlmnt;od 1 :^,^ expreasion (Fig. 9) 


where ^ 68cm'', ’^5 

- 0 . 066 G, 

= 0 . 541 , 


<7^ = 2G5cb^ 

p, = 0.5OV, ■ Pj = 0.027 
5 0 , 4 v -?2 , = 0.057 


at = 1,46 or 

at ® 


5 6 2 Cv 
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Tho oquaro ojf moderation length (1/6 of tbo wean aquure diaplaoaBoat at motleratlcn) pro- 
ved to equal t?o ii) ev) u 92 i (O.J ov) » 104.5-2. Ooa^. Their difference 

(1 ,46 0.3oT^) ■* 12.5^2,5 oa^ oxoeede U)'* value calculnted by 60?t with the aenumptlon that 
a neutron oollldea with free atome. Thus, in the range 1«^(6-0«5 ov the atom bond In BeO Latitiot 
aignifloantly effoota on the neutron moderation. I’lio value of ( 1.^*6 ev) 1 b in agroooont with 
the data obtained more aocui’a\.a. There are no data avnllable for i (0,5) 

in literature. 


4. Study of Neutron Slowing-Bovm In Be and BeO 

Tho slowing-down of nautrone 2 Mev in Be and BeO wao utudiod on the linear accelerator 
of the ULB by impulBe method, measuring the trajnnmloaion for indium, cadmium and eomorlum 
filters C1Q| Cd, Sa hove strong roeonences at 1,4S ev, 0,178 ov and 0,0978 ov, reapoctlvely) by 
a small EF^-oounber, In addition to DF^— counter the detector of 0,3 ov neutrons wan also nned. 
The detectors wore placed in moderator block (Bo— BeO-70,60,75 om^) aloni^. tho neutron 
beam axis of tho accolerator, 

Thc^ moasurement results for tho value of tho inverse transmission D time, which 

lasted ajfter a neutron impulse moment, are shown in Fli;, h.). In tho same t)io detector 

counting rate of 0,3 ov neutrons is given too (Pa-chamber, ohloldod by t}m*^d)c In thooe moasu- 
remanta ■the chaiiiiol width of the time analyzer was from noc to 10^- see, 

ProBi the curvoB of Fig,10 the maxima ore clearly aeon. For convenience, H (Z j in tjorraa- 
lized to unit. The time corresponding to theej maxima is obviously a neutron si owing-down time 
up to a given energy, t. , plus tho time of flight from tho point of tho last collision up to 
the neutron absorption in detector where v io the neutron velocity, d 

is the moan detector dimension (taking into account tho detector hole). 

In Table III tho values are given. Tho errors result from the uncertainty of tho posi- 
tion of the maximum, the former is connected with the chonaol nnfilyzer width and with ti u Ina- 
ccuracy of the calculation of . The comparison of these values with cnlculatod ones, obtai- 

ned for the neutron scattering by fme atoms shows that the cryotical binding In Be n" heO is 
of importance for the slowing-down already in 1,46-0,3 ov riuige, 

MeaBurlJ^; with Pu-chambor (ng,14) made possible to derive another Important slue Liig-down 
characteriatic-time-onorgy distribution of moderating neutrons of 0.3 ev und to comparo it 
with the theoretical one f '^3 j * 






Ho<,u,£ > is I'olsson probability of appearonoe of 2 ,^ neutroDa^urlnj; h tliiii: t, if tlie nflutron 
nppeorenLCe at ar^y moment la oquttUv probable and equal to 0 / /• ( 'b Is leCftorgy, and 

ir are Initial and flnol neutron volooltles). The full and doited llnee In Fi 5 .ll oorreapond 
to Poisson distribution (4) with 12 Tor Ba and 18 for BeO.respeotlrely.The dis.-.cepanoy of 

theory and erperlmont at lor 5 e t lb' com,ooted «lth the effect of oloely lboroaeln« footer 1 .£ 

in formula ( 5 )« a 

From the fact that the .Unperolon of Folason dlntrlbutlon equals the nvorn.p. value onrt 

the relations ( - T ^ ^ 


up to the es.rry 0.3 ev be o^btsined PHependently of Its doterminstlou from U.e position 

of the maximum (»ee Table 111). For this purpose the dioporslon at - - j J J 

(2 ^lL 3e« for Be and 4.3;<. sec for HoO) which lo oonnnetod «nb energy ranpe o) <>,.i.eotoi 

luiuriw . •• ”• '=• ■” 

_ 4 - 
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n p 

of boron filtera of 0*012 g/om and 0,025 g/cn' wltb I/f-dotoctor, the detector! and filter* 
bolnc pluood outoldo the block (boo K1k, 12)# Ihie to collimator I only thooe neutrono ma/ be 
detected which were directed to d block aurt *Co eii^le > 80*, It alapllfled Bl(;nlf leant- 

ly tho calculation of the filter tranamloolon n(r) to the neutron tonperoture T. It wee ueed 
then for dorivlnj; tho teraporaturo of raoderatvA nuutrono at the moment t from the trananiaelon 
values meaaurod with tho assumption of MurweiHaiv dlctrlbutlon (see fjgo.lj and 14, whore 
la tho e J^ulllbrium "tomporaturo nt t lu the cnloulatlona of (r) either theoretloaX 

roBulto for <5^^^ (K) in IJe and HoO [ 14 J wore ueed or tho exporljaental data obtained In fl5j 
fop^^ -In Bo and oux data for in BeO with the grain alie BJU.* The full and dotted Itnee 

in Flg,15 o,b correspond to thoao two ways of calculation of H ( T). It is aeon fron theM 
figures that below O*7-“0*5 ov T(t) tends to To exponentially, the relaxation tint 7' belns 
praotioally independent of neither the filter thlokneoa nor the way of oaloulation 
dea the data in Fig. 15 and 14 the values for beryllium blocka of 50^ and for bs- 

ryllla blocka of 60^om^ wore meaourod. After oorreotlng for finite block aisee, the theraall- 
eation time = 185^20/4. see for Be and t^^^a 204^20>Laeo for BeO, as a reauit, waa obtain 
ned* 

Tho Boaouremonta of t^ ouad t^j^ porforaed, give the poeolblllty for darivin 45 the value ^ 
and Baking tho following oonolualona. The neutron slowlng-down to 1*46 ev In Be and BeO is 
due to collialons with free atomo and lasta leoa then 1p_/tBoo, In tho range 1,46-0.5 • 

drystal binding effect reduced ^ to 0.193^*02 in Be and to 0.109^,012 in DtO| t^ In this 
range Is 1,5-2 more than t^ to 1.46 er. In tho range 0.5 ^O.b ov. below which the apoctrua 
approximating that of Miucvrolllon is eatabliahod, 0,049^.005 and 0.047-0,005 and 

t is 6-7 more than t^ to 1,46 ov. At E ^ (Q.05-0.025 ev) the moderation ie very slow, on an 
average, up to 185^ aeo^ in Bo ohd up to 204^ soo in BeO. The mean logarlthraio energy Iobb 
’In this range for the whole neutron spootruja ia dependent on tho energy and detomined by the 
thermal la at ion tlmoi 

whore E ^ and aro tho equilibrium energy and velocity, 

The energy-time dlotx'ibutlon of neutrons in tho range to E^0,05 ev *can be obtained 
from formula (4) by aubatltutlng the given values Tho oome valuea were used for calculati- 
on of tho Blowing— V. own area below 1*46 ov (aee Table IV), 

Tho value (0.5 ov) for BeO is in a food agreement with the direct aaaoureaont data 

(floe f 5). 

5, Multiplication of Ploalon Noutrona in Bo and BeO 
in Be“ (n, 2n) Reaction 


Tho Dodorofcoro ecntalning Uo glv® oddltloool neutron .ultlplloatlon In rwetare con- 
noot,a with tho difforonco 4f ooi trlbutlone of (n,2n) «nd (n, X ) ronctlono. A, tho e»leuU- 
tlon of tho coofflclant of this multiplication poeoeord a largo uaoartalnltjrflVi w. moMurod 
E . for Eo in apheriool goomotry oxperlaont. Tho oxperlmont conalatod in moaauremant of In- 
to^al neutron fission souroo poWor H (finalon oonvortor of on tho roaotor b.M), helns 

ahloldod by a opherlcal loyor of beryllluu) or graphite of vorioufl thloknoBe (graphlto ma 
neooBoaa^ for oxcludUg tho variation of tho aonaltlvlty of th. dotootor (".HimY. Blj-ooua- 
tor) Kith neutron onorgy). The prooonce of a hole in a koryillun and graphite oph.re. for 
tranamiselou of reactor neutron beam into converter cauood the anlaotropy of floalon wuro. 
and led to detornrinine tho aouroo power « aa a reauit of Integrating tho counting rate, 
aurlng on a horiaontal plane at different angl.a to the bo«. axi.. For reducing thl, 

00trop7 and eroludinG the correctiona for a finite dlotanoe fro» the oource to tb. detector, 
the flpherea investigatod were aurrounded by a spherical wood layer 14 oa thick. 

In Pig.16 the moaoureraont rooulta are shown of RUd Bg, va the moan 
a"E when neutrons passed tho graphite and beryllium loyoro and also ^ 
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giv^n. Tho vuluo AC wao coloulofcuJ wj th tho offoct of neutron "antejigllng” In olaotlo and 
inolaetlc coUltiioiiQ with Bo ana C, jrnd it: CLMtuJnn oomo uncortatutty which is however of no 
importance for (aoo yig.'^ 7 )# Coi'vo P of )ie;.>V glvoo tho more probable run of a 

InyoT thlcknooB* At 12— *15 s/cm^ lie obtalno tho m/ixlrauflii value T.1oio,Cn5# Using thla 

vuluo, tho multiplication ooofflclont of fiiui'on noutrona wun cnlculotod in BeO too. It wao 

asBumed that . ~ where a find flueion neutron collioion deneit; 

with borylllum ^totoo ut neutron fllowing-dowii In Bo and BoO bolow the throehold of Bo^(n, 2xi), 

Bo^(n, and 0^^(n,f<.) rouctlone, Thla noouioption la approximutoly true, no at E > h- Uev 

^rv Zn. nearly conotant, and at E Mov the collioion donoltioa in B« and BoO are alallar 

Aa a rooult, - - 7 ;*! wne obtolnod, Honco A- ^ » 1,06^).025« 

^.GZ. 


wae obtoinod, Honco 


1 . 06 ^), 02 ?. 


m 


B. COirrHIBUTION OE FAST EKFiCOTS ON Do TO THE MULTIPLICATIOlf 
COEFFISIENT OF BhRTLLIUM ASOBI.lBblES 

A. K. Krasin, Q.I.Plindov, 

Tho Institute of FinorKotlrs of Acedoay of acionooo 
B3SH 

It le of Intoroat to tnke into account the effect of (n,2n) and (n,^) reactlona on Be 
on critical masses and oizee of physloul beryllium aBBomblloo and to separate the contribution 
of fast effect ijdo the multiplication coefficient. 

For tills purpoao 10-group conatanta for beryllium were obtained* The B« (n,2n) reaction 
haa consliJorod ae inelastic acattering leading to an additional neutron- Tho crous-ooctiono of 
(n,2n) and (n, roactiona wore taken In from [18-22] andj2^,25j , roopectlvoly. 

For verification of conatanta obtained the neutron ago of fission spectrum and faat-neut- 
ron multiplication coefficient in Infinite homogeneous borylUum medium were calculated . The 
evaluated neutron 0/50 ^ VV cm^ and tho value of feet neutron multiplication coefficient 

Kg = 1.087 wore obtainod, which are in a good agreement with tho data [26] and with thoora- 
tlcul ostimationo [27*2o] , reapoctlvoly. 

With those conntanto tho multiplication coofficiouta, critical maSDOo and critical dl- 
monulons of physical ac^oemblios. describod in [29] .wore calculated In malti-grcmp dlffualon 
approxiiimtlon, taking into account tho reactlona Do (n,2n) and Be (n, 

no account of them ("b^-caoe). The contribution of the faat effect on Bo was defined aa a dif- 
ference of the multiplication coeff icionto, calculated with the account of Be(n.2n) and Be 
(n, ) rooctions or without it* 

Tl.e roaultB of oaloulatlono are shown In Tohla V. 11: la ooen from Table V that tb. volu. 
of the foot offect on 9-W Bo lo ooBowhat leas, than too valu. 12^^% given earlier for the 
same assemblloa [29] , but la within the experimental errora. Since the faat effect on B. 
was calculated In multlgroup theory, the value of the pr.tant work seem, more preferabl,. 
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T>bl^ 1 

Value of ^ ami aver*ip;od ovor tha 

Ifaxwalllaa spectrum at the noutron temperature o 390 "K 


. Qraim slzeei Jt* 
adva&ta— avereme 


I barn 




1 

10-15 

6 

9.97 

9.13 

2 

40 

29 

9.44 

0.31 

5 

10-20 

13 

9.56 

a.53 

4 

- 

14 

9.70 

0.76 



l>ittiieJLon parametors of 13e and BaO 

Table 11 

Pmranetortt 

unlta 

In Be 

in BeO 


-1 

sec 

2e2tii 

174 ^ 

D 

0 

cm /sec 

(1,24^0. 013)* 10^ 

(1.56^.01)*1o5 

C 

CM^^/taeo 

(3.68I0.20)*10^ 

(4.12io.27)'10^ 

L 

cm 

21p8il.O 

29.9^1.0 


Tranafer length, 

Diffusion tine I e 

Absorption 

cross sootion € at 

22CX) id/bso ^ 


1.50^.016 

3.02^0.017 


1,00^0.020 

5.75^.020 

11. ei 0.4 


SI owing-down tine (inyft boc) of 2 Mev 
neutrons to various oncrclcs 


Table 111 


In BeO 
ca leu lotion 

t =o.m ^ 


experiment 
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8lo*lng-dowj ^ o,.<J area Z,*/ of n.utron. 
up to 1.46 ov In Dfl and Beu 


Energy range 

2 Me7 - 1.46 eV 

2 UeV • 0,3 eV 
2 MeV 0,178 bV 
2 Me? - 0,13 e7 
2 Ue7 - 0,0976 bV 
2 Met - (0,07-0,045)eV 
(0,07-0.045) - 0.0^5 et 


7.5il 

85.8^16 

_ 

9.5-1 

-iyV55l- 

92ii.5 

17.5^1 

91.5-2,4 

27-2 

105.4li,9 

40-3 

98.9-26 

51-3 

112.1^2,1 

56i4*> 

103.4^2.7 


117 7-2.4 

73^5 

107.5^2,9 

83-5 

122.5-2,9 

135 

- 

160 


105-20 

- 

204 I 25 



•) It is calculated using the obtained value a of 7 la 
the energy r*^ng« 0,3 « 0,0976 ev* ' 


Calculation result a of orlbical alioa, 

critical maeuee and feat effect on Be 
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6i^6apii 



Fig,1. Total cross section <a j for the BeO samples of various 
crystal grain, sizes; sample '1 j)! grain sizes = ^25^^^ • ave- 

rage size = e/i' , a<ivantageous sizes = 10-15^ 1 2 (v Os 
sizes = 9-60 )il, , average one = 2S ju- , advantageous one = 40^ ; 

5 (• ); sizes = 5-57,m. , average one = , advantageous 

ones = '\O-20 /o ; 4 (x): sizes are large than ones of I and 
are less than ones of 5, average size = • 



Pig, 2. Total cross section for samples I and 2 produced by^ 
extrusion (a) and pressing (b). The incident neutron beam is 
parallel ( • ) is normal to direction of extrusion and of 

presing Cx). The partial cross sections for the reflection 
from the plane (110) (see the insert) differ by 20-25%, The 
solid line represents the value of 6*5 calculated with the 
assumption ox aosence of the extinction and the account of 
only elastic scattering. 


Approved For Release 2009/08/26 : CIA-RDP88-00904R0001 0011 001 0-8 




Approved For Release 2009/08/26 : CIA-RDP88-QQ9Q4R0Q01 0011 001 0-8 



1 Q'^ z S ^ 5 Z 3 ^SS78S10‘^ 2 3 ^5 878910^ Z 3 k 5 S? 89 fO^ 


6,38 

To'tsJ. C3?oss secl7j.oii for BeO sit/ v8j?ious 

temperatures 


(yapH 



To'fcal cross section for BeO vs temperature# <^ 7 ^ and 
C<ar )■' are averaged over the Maxwellian spectrum for neut- 
ron temperature T = T + 100®K# 
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\ a»0 iOO /« HO m lO* 


. ■ * ■■ . * — * 

Die i ^ s r 7 I ^ ^ ' 

<r 


Figt5* Damping coefficient oC vs B for Be (a) and BeO(b). 
The dots are the measurement results, the solid line 
corresponds to parabola (see Eq,»(1) and Table II) • 



/0 l . . . — u. i ^ — t 

0 ^ iiiO S30 9€Q 4iSO SS3 OAO ^600 (760 (SX XSO rxctx 

5 5 

Fig, 6. Neutron density damping in Be felock of 20 cm . 

1.2.3 are various powers of a neutron source; 4-with 
the large background level. The dotted l^e represents 
the background plus the effect, the solid lines are oo 
tained after the substraction of the backBround. 
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Fig.7. Moderatioii density at E = 1.46 eV for BeO in verioufl 

coordinates 


lliillnllll 










Ba BBa asgSgaB ilU 

IBSHBHBSSBSBBwigl 


Measurement results with Pu—chamber: (1 ) flux of O.J ev 
neutrons U) contribution of higher resonance^ 

(3) thermal neutron flux (p ; (4) moderation density q at 
E s 0o3 ov. I - relative unit, Il-g* cm 
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Comparison of the slowlng- 
dovn densities at 0*3 ev(o) and 
1.96 ev(*)»£h.e solid and dotted 
lines correspond the synthetic 
nuclei of type C2) at E =0.3 
and 1 ,46 ev. 


Fig, 10, Measurement results of tdie 
slowing-down time, 1 ,2 are the de- 
tector counting rates F(t) of 0.3eT 
neutrons in blocks of Be and BeO, 
respectively; the inverse trnnsmis- 
sionfl'^ft:^ of Cd(3,4),Sa (5,6) and 
In(7,8) filters in Be amd BeO, 




Fig. 11. Erpeiiaental energy-time 
distribution of sloming-domn neut- 
rons at E =0,3 ev in comparison 
with, the theoretical one. -ei- 
periment for Be and BeO, The solid 
and dotted lines correspond to Pois- 
son distribution; n, \ 

oe \ f 


IJ. --S: 

e ^ 


N 


e>tO 


rjci 


Fig.12.E:xperimental arrangement 
for studying of transmission thro- 
ugh boron. 1 -neutron colldjiator 
with Cd and 0yC; 2,5-filters; 4- 
■oderator block; 5-colliaator sup- 
port; 6-colllBator holes; 7-HF,- 
counter; 8-shield of counters.-^ 


; c I 


- 14 - 
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PiS»'13< Tranflj^saion of boron filters for the Be block 

60^^^ I-filtex“ 0.012 g/cm2 ; 2-f titer 0.023 g/cia^ 
^ ^ -various measurement series* 



a M 320 MtO M too 9EQ *^30 t2BO 


Figo14eTrajismi3sioii of boron 
'tops for BcO block 703c8Qx75 
I-transaission; II-i< sec. 
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Fis«15* l^eutron tsaper'titures in 

B^a) and BeO(l)) ys slowing^ow. 
1;iue (obtained frcHa pints of 
FiS.15 and 14). 



Pig. 16. Integral counting rate K vs — 
the average neutron energy IossAE: 
1 - 3e layer; 2 - grapMte layer; 

with correction ,of hole effect in 
spheres for the transniission of 
neutron beam 



Pig. 17 . Effect of JE calculation 
inaccunacy upon Th® calcu- 

lation variants: 1— with utiliza- 
tion of cross-sections on 15 % as 
large in comparison with the 
data ^ 15 ]i 2 - with utilization 
of cros-sections^15; 5 - 

with the account of neutron ab- 
sorption in a wood sphere; 

4 - with an assumption that^^j=<ifi^ 
1 - Beryllium layer thickness, 
g/cin'^ 
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